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Objective: The aim of this study was to evaluate the effect of multiple layers of an infection control barrier on the micro-hardness of a composite resin. Material and 
Methods: One, two, four, and eight layers of an infection control barrier were used to cover 
the light guides of a high-power light emitting diode (LeD) light curing unit (LCU) and a 
low-power halogen LCU. The composite specimens were photopolymerized with the LCUs 
and the barriers, and the micro-hardness of the upper and lower surfaces was measured 
(n=10). The hardness ratio was calculated by dividing the bottom surface hardness of the 
experimental groups by the irradiated surface hardness of the control groups. The data 
was analyzed by two-way ANOVA and Tukey’s HSD test. Results: The micro-hardness of 
the composite specimens photopolymerized with the LED LCU decreased significantly in the 
four- and eight-layer groups of the upper surface and in the two-, four-, and eight-layer 
groups of the lower surface. The hardness ratio of the composite specimens was <80% in 
the eight-layer group. The micro-hardness of the composite specimens photopolymerized 
with the halogen LCU decreased significantly in the eight-layer group of the upper surface 
and in the two-, four-, and eight-layer groups of the lower surface. However, the hardness 
ratios of all the composite specimens photopolymerized with barriers were <80%. 
Conclusions: The two-layer infection control barrier could be used on high-power LCUs 
without decreasing the surface hardness of the composite resin. However, when using 
an infection control barrier on the low-power LCUs, attention should be paid so as not to 
sacrifice the polymerization efficiency.
Key words: Composite resins. Dental curing lights. Dental infection control. Hardness tests.
INTRODUCTION
Dental offices must maintain a high level of 
infection control to protect both the patients 
and personnel. During the light curing of direct 
composite resin restorations, contamination of the 
light guides and light curing unit (LCU) handles 
are common after clinical use7. In particular, the 
light guide is in direct contact with the oral mucous 
membrane, and thus there is always a possibility 
of infection. According to the Centers for Disease 
Control and Prevention (CDC) Guidelines for 
Infection Control in Dental Health-Care Settings17, 
patient-care items (dental instruments, devices, 
and equipment) are categorized as critical, semi-
critical, or non-critical, depending on the potential 
risk for infection associated with their intended 
use. The light guide of a dental LCU falls into the 
category of semi-critical instruments because it 
is in direct contact with the mucous membranes 
or non-intact skin and carries the risk of infection 
transmission. Therefore, light guides should be 
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sterilized with heat or, at a minimum, processed 
with high-level disinfection. Unfortunately, light 
guide tips build up boiler scale from vaporized water 
when autoclaved and require frequent polishing to 
retain optimal light intensity. Chemical sterilization 
requiring up to 10 hours of immersion is not always 
practical, and not all offices have access to vapor 
sterilization15,20,25. Therefore, disposable infection 
control barriers are frequently used, as they provide 
a cost-effective way of avoiding contamination of 
the light guide8. Disposable barriers are convenient, 
non-invasive, and prevent contact between the oral 
tissues and the light guide. These types of barriers 
also eliminate the risk of damaging the light guide 
during autoclaving or disinfection10,19,22,27. Among 
various infection control barriers, the plastic wrap 
has the least effect on the LCU power density19,27. 
However, a thin single-layer infection control barrier 
tends to tear easily while manipulating the LCU, or 
by the sharp edges of the prepared tooth during the 
light curing procedure while trying to keep the light 
guide tip as close to the prepared cavity as possible. 
Therefore, using a multi-layer infection control 
barrier could reduce the risk of cross infection. 
However, a multi-layer infection control barrier was 
reported to reduce the light output of the LCUs9 and 
consequently could affect the polymerization of the 
composite resin.
The aim of this paper was to evaluate the effect 
of a multi-layer infection control barrier on the 
micro-hardness of a composite resin light cured 
with a high-power density light emitting diode (LeD) 
LCU and a low-power density halogen LCU. The null 
hypothesis tested was that neither the layers of 
infection control barriers nor the LCUs would have 
a significant effect on the micro-hardness of the 
composite resin.
MATERIAL AND METhODS
The light guides of a high-power density LeD 
LCU (elipar FreeLight 2, 3M eSPe, St Paul, MN, USA, 
FL2, Figure 1) and a low-power density halogen 
LCU (Optilux 360, Demetron, Danbury, CT, USA, 
O360) were covered with one, two, four, and eight 
layers of a disposable wrap barrier (Cleanwrap, 
Gimhae, Korea). The barrier was cut to an adequate 
size and was used to cover the light guide without 
air entrapment but with an overlap on the light 
guide tip. To evaluate the micro-hardness of the 
composite resin specimens, an A2 shade flowable 
resin (Denfil Flow, Vericom, Anyang, Korea) was 
filled into a stainless steel mold of 5 mm diameter 
and 2 mm depth. The diameter of the specimen 
was smaller than the diameter of the two LCU 
light guides so as to light cure the entire area of 
the specimen in 20 seconds. A glass slab covered 
with polyester film was pressed against the mold 
in order to control the thickness of the specimen. 
After removing the glass slab, the composite resin 
was light cured for 20 seconds using the LCUs 
covered with a disposable barrier. The specimens 
were removed from the mold and the Vickers micro-
hardness testing was performed immediately with a 
micro-hardness tester (MHT-10, Anton Paar, Graz, 
Austria) with a 100 g load for 10 seconds dwell time, 
at 3 points in the center of the upper and lower 
surfaces of the composite resin forming a small 
triangle, and the mean Vickers hardness number 
(VHN) was determined. The VHN of the irradiated 
surface of the composite resin specimens light cured 
with LCUs that was not covered with a barrier was 
recorded as the control. The hardness ratio was 
derived by dividing the VHN of the bottom surface of 
the composite resin specimens of the experimental 
groups by the VHN of the irradiated surface of the 
control groups with the corresponding LCUs. Ten 
composite specimens were used to measure the 
micro-hardness in each test group. The VHN and 
the hardness ratio of the composite resin specimens 
were analyzed with two-way analysis of variance 
(ANOVA) (SPSS 12.0K, SPSS Inc., Chicago, IL, USA) 
to examine 2 factors, layers of infection control 
barrier and LCUs and their interaction. One-way 
ANOVA and Tukey’s HSD tests were performed for 
the comparison of 4 different numbers of layers 
and the Student’s t-test was performed for the 
comparison of 2 types of LCUs. The null hypotheses 
of no difference were rejected if the p-values were 
less than .05.
RESULTS
The VHNs of the upper surface of the composite 
resin specimens light cured with LCUs covered 
with barriers are shown in Table 1. The two-way 
ANOVA showed a significant effect for both the 
main factors (layers, p<0.001; LCUs, p<0.001) 
Group Light curing unit 
(Manufacturer)
Power density (standard 
deviation) in mW/cm2
Light source
FL2 Elipar FreeLight 2 (3M ESPE) 1005 (4) LED
O360 Optilux 360 (Demetron) 519 (5) QTH
Figure 1- Description of the light curing units used in this study   
The power density was measured with a hand-held dental radiometer (Cure Rite, Kerr, Milford, MA, USA, n=10)
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and their interaction (p<0.01). The VHNs were 
significantly higher in all groups light cured with 
the FL2 LCU than in those light cured with the 
O360 LCU (p<0.05). In the groups light cured with 
the FL2 LCU, significant differences were observed 
between the control group and the four- and eight- 
layer groups (p<0.05). In the groups light cured 
with the O360 LCU, significant differences were 
observed between the control group and the eight-
layer group (p<0.05). The control group light cured 
with the FL2 LCU showed a significantly higher VHN 
than that in the control group light cured with the 
O360 LCU (p<0.05).
The VHNs of the lower surface of the composite 
resin specimens light cured with the LCUs covered 
with barriers are shown in Table 2. The two-way 
ANOVA showed a significant effect for both the 
main factors (layers, p<0.001; LCUs, p<0.001) 
and their interaction (p<0.05). Similar to the 
results of the upper surface hardness, the VHNs 
were significantly higher in all groups light cured 
with the FL2 LCU than in those light cured with the 
O360 LCU (p<0.05). Significant differences were 
observed between the control groups and the two-, 
four-, and eight- layer groups light cured with both 
LCUs (p<0.05).
The hardness ratios of the lower surface 
hardness of the composite resin specimens to the 
upper surface hardness of the control specimens of 
the corresponding LCUs are shown in Table 3. The 
two-way ANOVA showed a significant effect for both 
the main factors (layers, p<0.001; LCUs, p<0.001) 
and an insignificant effect for their interaction 
(p>0.05). The hardness ratios of the composite 
resin specimens light cured with the FL2 LCU were 
89.8% for the control group and 88.2%, 84.5%, and 
83.4% for the one-layer, two-layer, and four-layer 
groups, respectively. The hardness ratio was 76.4% 
for the eight-layer group, showing a hardness 
ratio of <80%. The differences of the hardness 
ratio between the control and the four-layer, and 
eight-layer groups were statistically significant 
(p<0.05). The hardness ratios of the composite 
resin specimens light cured with the O360 LCU were 
between 65.6% and 80.0%. Significant differences 
were observed between the control group and 
the two-layer, four-layer, and eight-layer groups 
(p<0.05). However, only the control group showed 
a hardness ratio of 80%. 
DISCUSSION
The Vickers micro-hardness test was performed 
as an indirect method to evaluate the degree of 
LCU Control 1 Layer 2 Layers 4 Layers 8 Layers
FL2 28.1 (1.2)Aa 28.0 (1.2)Aa 27.6 (0.9)Aa 26.1 (0.7)Ba 24.6 (1.0)Ca
O360 20.2 (1.1)Ab 19.7 (1.3)ABb 19.2 (0.9)ABb 19.2 (1.0)ABb 18.5 (0.9)Bb
Table 1- Means (standard deviations) of Vickers hardness number (VHN) of the upper surface of composite resin specimens 
light cured with light curing units covered with layers of an infection control barrier
Values having the same capital letters in the rows and the same small letters in the columns are not statistically significant 
(p>0.05). LCU= light curing unit; FL2= Elipar FreeLight 2; O360= Optilux 360   
LCU Control 1 Layer 2 Layers 4 Layers 8 Layers
FL2 25.2 (0.6)Aa 24.7 (0.9)ABa 23.8 (1.1)BCa 23.4 (0.9)Ca 21.4 (1.2)Ca
O360 16.1 (0.9)Ab 15.3 (0.7)ABb 14.4 (0.9)BCb 13.5 (0.9)CDb 13.2 (0.7)Db
Table 2- Means (standard deviations) of Vickers hardness number (VHN) of the lower surface of composite resin specimens 
light cured with light curing units covered with layers of an infection control barrier
Values having the same capital letters in the rows and the same small letters in the columns are not statistically significant 
(p>0.05). LCU= light curing unit; FL2= Elipar FreeLight 2; O360= Optilux 360   
LCU Control 1 Layer 2 Layers 4 Layers 8 Layers
FL2 89.8 (2.0)Aa 88.2 (5.1)Aba 84.5 (6.0)Aba 83.4 (5.3)Ba 76.4 (5.7)Ca
O360 80.0 (5.2)Ab 76.1 (4.4)Abb 72.0 (5.2)BCb 66.9 (4.7)Cb 65.6 (6.2)Cb
Table 3- Hardness ratios (standard deviations) of composite resin specimens light cured with light curing units covered 
with layers of an infection control barrier
Values having the same capital letters in the rows and the same small letters in the columns are not statistically significant 
(p>0.05). LCU= light curing unit; FL2= Elipar FreeLight 2; O360= Optilux 360   
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conversion of the composite resin1,3,4,6,11,12,14,16,23,28. 
In this study, the micro-hardness was tested 
immediately after the light curing procedure 
because the occlusal adjustment, finishing and 
polishing of the composite resin restorations 
are usually performed just after light curing the 
composite resin in clinical situations. Stress created 
by these procedures can have a detrimental effect 
on the tooth-restoration interface, such as the 
premature breakdown of the restoration at the 
margin2,22,24.
The micro-hardness of the composite resin 
specimens was significantly different according 
to the LCUs and the thicknesses of the infection 
control barrier therefore, the null hypothesis was 
rejected. The micro-hardness of the upper surface 
of the composite resin specimens was significantly 
lower in the groups light cured with the FL2 LCU 
covered with four and eight layers of an infection 
control barrier as compared to the control group. 
The groups light cured with the FL2 LCU covered 
with one and two layers of an infection control 
barrier had VHNs similar to that of the control 
group. Therefore, an infection control barrier 
comprised of more than four layers affected the 
hardness of the upper surface of the composite 
resin specimens. A significant difference was noted 
in the group light cured with the O360 LCU covered 
with eight layers as compared to the control group. 
The other groups showed no significant differences. 
Therefore, an LeD LCU covered with a multi-layer 
barrier affected the polymerization of the upper 
surface of the specimens more than that with the 
halogen LCU. In addition, the surface hardness of 
all groups including the control group light cured 
with the O360 LCU was significantly lower than that 
light cured with the FL2 LCU. This result suggests 
that 20 seconds of light curing with the O360 LCU 
may be insufficient for adequate polymerization of 
the composite resin.
Unlike the upper surface hardness, significant 
differences were seen in the micro-hardness of the 
lower surface of the composite resin specimens 
light cured with both LCUs covered with two, four, 
and eight layers as compared to the control group. 
Therefore, the hardness of the lower surface was 
suspected to have been affected more by the use of 
a multi-layer barrier than that of the upper surface. 
Similar to the upper surface, the VHNs of the lower 
surface were significantly lower when light cured 
with the O360 LCU as compared with the FL2 LCU.
The Vickers micro-hardness of the specimens 
light cured with LCUs covered with one layer of 
an infection control barrier agrees with a previous 
study. They found no significant difference in the 
hardness of composite resins between those that 
were light cured with halogen and LeD LCUs that 
were not covered with a sheath and those that were 
light cured with halogen and LeD LCUs that were 
covered with a single sheath20. The decrease of 
surface hardness of the composite resin specimens 
light cured with LCUs and infection control barriers 
in multiple layers could be explained by the 
decrease of the power density of LCUs due to the 
infection control barriers. In our previous study, 
the power density of the FL2 LCU with one-, two-
, four-, and eight-layer infection control barriers 
decreased by 3%, 4%, 6%, and 8%, respectively. 
The power density of the O360 with the infection 
control barriers decreased by 4%, 5%, 8% and 
12%, respectively9.
The degree of conversion of the composite resin 
specimen is usually assessed by the hardness ratio, 
the ratio between the upper surface hardness 
value of the control group and the lower surface 
hardness value of the experimental group light 
cured with corresponding LCUs. The hardness 
ratio should not be less than 80% for composite 
resins that are adequately cured5,13,18,21,26. The 
hardness ratio of the composite resin specimens 
light cured with the FL2 LCU was significantly lower 
in the four- and eight-layer groups compared to 
the control group. Moreover, the hardness ratio 
of the eight-layer group was <80%, indicating 
insufficient photopolymerization of the composite 
resin specimen. The hardness ratio of the composite 
resin specimens light cured with the O360 LCU was 
significantly lower in the two-, four-, and eight-layer 
groups. However, only the control group showed 
a hardness ratio of 80%, and the experimental 
groups showed hardness ratios of less than 80%, 
indicating insufficient photopolymerization of the 
tested composite resin specimens.
Interactions were observed in the statistical 
analysis of the surface hardness values. This might 
be explained by the different curing light diffusion 
of the two LCUs. In our previous study, the curing 
light diffusion of the FL2 LCU was measured as 
75 degrees, whereas that of the O360 LCU was 
measured as 48 degrees9. We suspect that the more 
focused curing light of the halogen LCU was less 
affected by a multi-layer barrier compared with the 
less focused curing light of the LeD LCU and this 
resulted in the difference in the hardness of the 
upper surface of the composite resin specimens and 
caused the interaction between the layers and LCUs.
Based on the results of this in vitro study, two 
layers rather than one layer of an infection control 
barrier should be used in order to decrease the 
possibility of cross infection during the light curing 
procedure with high-power density LCUs.
CONCLUSIONS
Within the limitations of this in vitro study, one-
layer and two-layer of an infection control barrier 
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did not show any significant differences in the 
hardness ratio of the composite resin specimens 
cured with high-power density LCUs. However, 
when low-power density LCUs covered with infection 
control barriers are used, attention should be paid 
so as not to sacrifice the polymerization efficiency 
of the composite resin.
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